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of breast cancer decreases mortality and facilitates effective and timely therapy. 4, 5 Although needle biopsy is required for most breast lesions, a correct preoperative diagnosis would be of great help for the clinician's decision making.
High-frequency sonography has been a preferred method for breast cancer detection 6, 7 but is not always decisive in differentiating between benign and malignant breast lesions. At present, there are few reports on the semi-quantitative analysis of the sonographic features of 2D and color Doppler flow imaging (CDFI) breast lesions.
The aim of this study is two-fold: to analyze the features of 2D and CDFI of breast solid lesions and to investigate the value of ultrasonic scores for differentiating between benign and malignant breast solid lesions semi-quantitatively compared with the pathology.
Materials and Methods
In the present study, we included 123 female patients (mean age ± SD, 48.7 ± 10.3 years; range, 17-75 years) and 2 male patients (aged 34 and 45) who had a sonographic examination in our hospital from January 2006 to May 2008, and we carefully assessed a retrospective analysis. The study had ethical approval from the Institutional Ethics Committee of Harbin Medical University for retro spective review of records.
In total, 135 breast solid lesions of 125 cases were obtained on a Vivid 7 system (GE Healthcare, Milwaukee, Wisconsin) with a 7.5-to 14-MHz linear-array transducer. Conventional sonography was performed with the patients in the supine position with both breasts exposed fully or the lateral decubitus position if the lesions were on the lateral portion of the breast. Both breasts were scanned directly and compared to each other. The lesions were scanned along different planes and angles, and the anterior-posterior, longitudinal, and transverse diameters were measured.
One to five images (average two to three images) were selected from every patient for analysis. The minimum size of the lesions was 0.5 × 0.45 cm, and the maximum size was 5.2 × 4.2 cm. These sonographic images were saved in the database. The pathology results of surgery or biopsy served as the gold standard in this study.
All the sonographic features of breast solid lesions were recorded routinely by 2D high-frequency sonography, and the shape, margin, capsule, internal echoes, microcalcification, posterior acoustic features, the length-to-width ratio, and blood flow were analyzed and graded. The criteria for ultrasonic scores on breast solid lesions are shown in Table 1 .
The total ultrasonic scores for each lesion were calculated, classified according to their scores, and compared with pathology results.
Statistical Analysis
Statistical analysis was carried out using SPSS Version 13.0 for Windows. The measurement data were expressed as mean ± SD. Statistical comparisons were performed using the t test (in the normal distribution) and the rank sum test (in the skew distribution). Differences in ultrasonic scores between benign and malignant breast solid lesions were assessed using the Wilcoxon test. The diagnostic values of ultrasonic scores were analyzed and assessed by receiver operating characteristic (ROC) curves. The diagnostic accuracy of the ultra sonic scores in terms of sensitivity (Se) and specificity (Sp) was determined by the area "Az" under the ROC curve. A P value less than .05 indicates a significant difference.
Results

PATHOLOGICAL DIAGNOSIS
In total, 135 breast solid lesions were confirmed by pathology, and the pathological results are shown in Table 2 .
COMPARISONS OF ULTRASONOGRAPHIC FEATURES BETWEEN BENIGN AND MALIGNANT BREAST SOLID LESIONS
There were significant differences in ultrasonic scores between benign and malignant breast solid lesions in the shape, margin, capsule, microcalcification, attenuation, and blood flow (P < .001), and there were differences in ultrasonic scores in the internal echoes and the ratio of length to width (P < .05). There were also significant differences in the total ultrasonic scores between benign and malignant breast solid lesions (P < .001, shown in Table 3 ).
ROC CURVE ANALYSIS OF BREAST SOLID LESIONS
The ROC curve of the diagnoses of ultrasonic scores on breast solid lesions is shown in Figure 1 and Table 4 .
From Figure 1 , we were able to conclude that the ROC curve of the ultrasonic scores had a higher diagnostic value. Using the ROC curve, we calculated that the area Az under the ROC curve was 0.915, and its 95% confidence interval was (0.863, 0.968). From this, we found that when point 13.5, located in the left and upper corner of the curve, served as the cutoff value of the total ultrasonic scores, the diagnostic sensitivity and specificity on breast solid lesions were 84.9% and 88.9%, respectively.
The total ultrasonic scores of 55 of 62 cases of benign breast solid lesions were less than 13.5, and the total scores of 62 of 73 cases of malignant ones were more than or equal to 13.5, with a diagnostic accuracy was 86.5%.
Discussion
Breast cancer is the most prevalent nonskin cancer in the world and the second leading cause of cancer deaths among women. 8 Early diagnosis of breast cancer is important for successful treatment and to improve survival figures. 9 As highfrequency sonography is being widely used for the screening of breast images, more and more breast lesions can be detected. Classifying these lesions properly and guiding the clinical treatment are the main tasks for radiologists. [10] [11] [12] However, because of the lack of quantitative criteria and different personal experiences, subjectivity and uncertainty occur for the qualitative diagnosis of breast lesions at present, and the results obtained by such an evaluation may confuse clinicians about their plans with respect to treatment as well. We analyzed 2D and CDFI features of 135 breast solid lesions of 125 cases and attempted to set up a sonographic characteristic score system to improve the diagnostic accuracy of breast lesions. This will provide clinicians with more objective information by using the semi-quantitative diagnostic criteria. We chose eight parameters to be used in analyzing 2D and CDFI features of breast solid lesions, a score was given for each feature, and the total ultrasonic scores for each lesion were calculated. The lesions were classified according to their scores and compared with pathology results. A ROC curve was used to assess the diagnostic value of ultrasonic scores.
The results showed that there were significant differences between the total ultrasonic scores of malignant and benign lesions in the shape, margin, capsule, microcalcification, attenuation, and blood flow (P < .001), and there were differences between the total scores of benign and malignant breast solid ones in the internal echoes and length-to-width ratio (P < .05). It was manifested that the breast solid lesions with the following features were highly suggestive of malignancy: hypoechoic, irregular shape (microlobulated or spiculated), unclear margin, no obvious capsule, heterogeneity, microcalcifications found with the lesions, attenuation, ratio of length to width >1, and an increase in blood flow of vascularity within and/or in the vicinity of the lesion.
It is well known that 2D and color Doppler flow imaging in differentiating between benign and malignant breast solid lesions has its limitations. [13] [14] [15] There exist some differences and overlap between the ultrasonic features of benign and malignant ones. Different parameters of 2D and CDFI have different values in diagnosing benign or malignant breast lesions, and one single parameter has the lower differentiating diagnostic value, so it is important for multiparameters to be used comprehensively to improve the diagnostic level of breast solid lesions.
On the ROC curve, we found that the area under the ROC curve was 0.915, and its 95% confidence interval was (0.863, 0.968). At the left and upper corner of the curve where the total ultrasonic score was 13.5, the diagnostic sensitivity and specificity were the biggest-84.9% and 88.9%, respectivelyso 13.5 could be used as the cutoff value. When the total score was more than or equal to 13.5, the lesion was regarded malignant, whereas when the total score was less than 13.5, the lesion was considered benign. The total ultrasonic scores of 55 of 62 cases of breast benign solid lesions were less than 13.5, and the total scores of 62 of 73 cases of malignant ones were more than or equal to 13.5, with a diagnostic accuracy was 86.5%. Therefore, multiparameters of 2D and CDFI could be colligated to improve the diagnostic accuracy and reduce the missed diagnostic rate to some extent. In a female patient with two breast solid lesions, one was located in the left breast ( Figure 2 ) and the other was found in the right breast ( Figure 3 ) with total ultrasonic scores of 10 and 15, respectively. The one in the left breast was diagnosed as a benign mass by sonographic examination prior to operation, and the pathological diagnosis was consistent with our result (manifested as a fibroadenoma). The other in the right breast was diagnosed as malignant before operation and was further confirmed as an infiltrative ductal carcinoma by pathological results after the operation.
Indeed, the method used in the present study is very helpful to decrease the errors caused by a subjective diagnosis and operator dependence.
However, this method included retrospective research, which is limited by just analyzing the features of 2D and CDFI of breast solid lesions. If one could combine the clinical manifestations and spectral Doppler characteristics, this would increase the diagnostic rate. Moreover, this method is relatively time-consuming. Therefore, it needs to be further improved by prospective clinical studies.
FIGURE 2.
A woman in her late 20s with a palpable mass in the left breast. Ultrasonographic images show a regular, hypoechoic mass with a clear margin at the lower and outer quadrant. Its total ultrasonic score before operation was 10, and the pathological diagnosis was fibroadenoma. FIGURE 3. Ultrasonography: an irregular, heterogeneous mass with unclear margin and microcalcification inside at the upper and outer quadrant in the right breast. Its total ultrasonic score was 15, and the postoperative pathological result was infiltrative ductal carcinoma.
